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Unconjugated and total estriol in human amniotic fluid -changes in 7 (1979) 262 the ratios between the two estriol levels with advancing gestational age Giovanni Bacigalupo, Erich Z. Saling, Joachim W. Dudenhausen
Unit of Perinatal Medicine -The Free University of Berlin
Advances in methodology such äs transabdominal \\amniocentesis for the withdrawal of amniotic fluid and radioimmunoassays for very sensitive and specific measurement of hormones and other physiological compounds have made amniotic fluid examinations a new tool in the biochemical monitoring of fetal well-being. Several studies on the composition of amniotic fluid cover the concentrations of total estriol in normal late pregnancy [6, 7, 12, 13] . In a few other studies examinations were undertaken whether and to what extent changes in the total estriol concentration in amniotic fluid accompany specific disorders during pregnancy [2, 8, 9, 14] . As far äs our knowledge of pertinent literature goes, representative examinations of the content of unconjugated estriol in amniotic fluid and its ratio to total estriol in amniotic fluid are not in existence. The present study had two main objectives, to clarify 1) how the concentrations of unconjugated and total estriol in amniotic fluid of normal human pregnancies with advancing gestational duration do change, and 2) whether the ratio of unconjugated to total estriol in amniotic fluid remains constant during the course of pregnancy or not. [10] . The amniotic fluid samples were stored at a temperature of -20°C. until their processing, which took place at the latest within one week after withdrawal.
In each of the 172 samples examined, determinations of unconjugated and total estriol were made, applying the same radioimmunoassay procedure. All of the estriol determinations were performed in duplicate. The analyses öf unconjugated and total estriol were carried out in the same RIA run on each patient.
l. l Preparation of the amniotic fluid samples
For unconjugated estriol assay, 0.1 ml. of the sample were extracted with 3 ml. ether in stoppered 0300-5577/79/0007-0262$02.00 © by Walter de Gruyter & Co. · Berlin · New York glass tubes by Vortex mixing for 3 minutes. Subsequently the tubes were centrifuged at 2,000 g and a temperature of 2°C. for 10 minutes. l ml of the supernatant solvent containing the extracted unconjugated estriol was transferred to the RIA tube, evaporated at 50°C. in a vacuum, and the estriol remainder was thoroughly dried. For total estriol assay, the amniotic fluid samples underwent an enzyme hydrolysis which led to a cleavage of the estriol conjugates (sulphates and glucuronides) and made the liberated estriol etherextractable. For hydrolysis a commercially available mixture of beta-glucuronidase/arylsulphatase (5.2 and 2.6 U./ml. respectively) from Helix pomatia was used (BOEHRINGER, Inc., Mannheim, Germany), for producing the optimal hydrolysis medium a 0.1 N acetate buffer solution of pH 4.6.
0.02 ml. amniotic fluid, 0.02 ml. enzyme mixture and 0.2 ml. acetate buffer were mixed in glass tubes and kept at 37 °C. for 240 minutes, or at 53°C. for 90minutes. In this way, complete hydrolysis of the estriol conjugates was achieved, äs was shown in repeated tests with pure estriol conjugates in aqueous solution or in body fluids with known estriol content. The estriol recovery rate from the enzyme-hydrolyzed estriol conjugates was 95-100%.
The ether extraction of total estriol from the hydrolyzed amniotic fluid samples was then performed in the same way äs that of unconjugated estriol. To each radioimmunoassay tube 0.1 ml. of the estriol-containing extract was given.
The extraction yield amounted to 98.3 ± 1.4% äs measured by the recovery of added quantities of tritium-labelled estriol. In order to obtain consistently reliable estriol results, we found the following Steps of sample preparation essential: l)Usage of highly purified ether from freshly opened Containers (for example diethylether "Uvasol" for spectroscopy, E. MERCK, Inc., Darmstadt, Germany); 2) precooling of the ether to 0°C or below for all pipetting operations to avoid evaporative losses; 3) evaporation of the ether under subtle conditions and thorough desiccation of the hormone remainder.
Radioimmunoassay
To determine unconjugated and total estriol the same radioimmunoassay was performed which followed in essence the procedure described by TULCHINSKY and ABRAHAM [15] . The estriol extracts were incubated with estriol antiserum and labelled estriol under the following conditions: Incubation medium: 0.04 M phosphate-buffer pH 7.4 with 0.1% bovine serum albumin added; incubation temperature: 0° to 4°C.; incubation period: 2 hours. Following incubation free estriol was separated from antiserum bound estriol by addition of a charcoal/dextran Suspension (l mg. charcoal per tube). After centrifugation the radioactivity of the supernatant fluid was measured in a Liquid scintillation counter ("Isocap 300", NUCLEAR CHICAGO). The estriol concentrations of the samples assayed were calculated using a special Computer program.
The estriol antiserum used was raised in white New Zealand rabbits through repeated injections of a conjugate of estriol-6-(O-carboxymethyl-)oxim with bovine serum albumin äs immunogen (SORIN BIOMEDICA, Saluggia, Italy). This antiserum had a cross-reaction of 0.01% with estradiol and 0.001% with estrone at 50% displacement. The final working dilution of the antiserum had an estriol binding ability of approximately 50%. As tracer 2,4,6,7-3 H-(N) estriol in ethanol solution was used up to 0.5 for 100 samples.
In the ränge between 10 -100 pg. estriol per RIAtube the intraassay Variation coefficient was 5.4%, the interassay Variation coefficient was 8%. In the RIA System applied, the lowest detectable amount of estriol was 6 ± 2 pg. The recovery of added known estriol amounts was nearly quantitative at 98%. Table I gives a comprehensive picture of the increase of unconjugated and total estriol in amniotic fluid during the early second trimester and the third trimester, äs well äs of the ratios between unconjugated and total estriol. Tab. I. Concentrations of unconjugated estriol and total estriol in amniotic fluid at early and late human pregnancy; 172 amniotic fluid samples from 115 pregnancies with normal outcome assayed. Note the significant decline in the latios between the unconjugated fraction and total estriol with advancing gestational age. Fig. 2 shows the single values of total estriol in amniotic fluid in relation to the gestational age. Again, one can observe a continuous increase in the total estriol concentrations towards term; Total Estriol ng./ml. taken äs a whole, however, it is much sharper than that in the concentrations of unconjugated estriol in amniotic fluid. Whilst the mean values of total estriol in amniotic fluid fluctuate between 20 ng./ ml. and 50 ng./ml. during the early second trimester, in the gestational weeks 29-32 and 33-36 they lie very much higher, namely at 200 ng./ml. and 400 ng./ml. respectively. In the last four weeks of pregnancy the mean value shoots up even to 800 ng./ml. approximately. The relative Standard deviations are about 40% in the second trimester (gestational weeks 15-18: 42.95%, 19-20: 38.78%) and are thus simüar to those of unconjugated estriol in the corresponding gestational stage. In the third trimester the deviations are greater than those in the second trimester, they lie between 50 and 60% (gestational weeks 29-32: 57.92%, 33-36: 59.03%, 37-40: 53.06%) and are considerably smaller than those of unconjugated estriol in amniotic fluid at the same gestational period.
Results

Total estriol in amniotic fluid
Ratios of unconjugated to conjugated estriol in amniotic fluid
As described above, in the course of pregnancy the concentrations of unconjugated estriol in amniotic fluid increase to a lesser extent than those of total estriol. From this discrepancy in the elevation of the two estriol levels there results a decreasing proportion of unconjugated estriol to total estriol with advancing pregnancy. In the second trimester the ratios of unconjugated estriol to total estriol are on the average above 4%. They decline to term to a level of about 1% (Tab. I). The calculation of the regression equation shows a highly significant correlation between the decrease of these ratios and the increase of gestational age. Fig. 3 shows äs fairly large Variation in the individual ratios with considerable overlapping of these, related to the stage of pregnancy. Nevertheless, in the amniotic fluid values from the early second trimester no single ratio under 3% was to be found. In contrast, in the third trimester and particularly towards term, ratios over 3% are rather unusual.
Comment
Concerning unconjugated estriol in amniotic fluid, relatively high concentrations of this estriol frac- urine into amniotic fluid after onset of the fetal kidney function, in late pregnancy -with advanced biochemical maturation of the conceptus -reach the amniotic cavity to a greater extent äs estriol conjugates than in previous stages of pregnancy, with the result that the proportion of unconjugated estriol in amniotic fluid decreases more and more towards delivery. As a matter of fact fetuses and freshly newborn infants do have obvious difficulties in conjugating other endogenous compounds such äs bilirubin for urinary excretion, äs exemplified by icterus neonatorum. Therefore it does not appear impossible that similar transitory metabolic limitations are of influence to the fetal excretory pattern of estriol, however with another timing than in the case of bilirubin. 2. As in the early second trimester and previously, amniotic fluid is predominantly being produced by transudation from maternal plasma, and to a minor extent by fetal excretion [11] , one may suggest that the unconjugated estriol fraction in amnotic fluid is in this phase of pregnancy essentially of maternal origin arriving directly to the amniotic cavity across the fetal membranes. Unconjugated steroids from maternal plasma penetrate via vascularized chorionic tissue and amniotic epithelium int o the amniotic cavity with ease. So pregnancy is a partial consequence of a relative it seems possible that the relative decrease of un-diminution of this transudätional area and an augconjugated estriol in amniotic fluid with advancing mentation of the amniotic fluid volume.
Summary
In 172 amniotic fluid samples of the early second and the third trimester from 115 normal pregnancies the concentrations of unconjugated and total estriol were measured by means of radioimmunoassay. The mean concentrations of unconjugated estriol in amniotic fluid rose from 1.22 ng./ml. in the gestational weeks 15-18 to 7.82 ng./ml. in the gestational weeks 37-40, that is 6.4 times the former value. In conträst, the mean concentrations of total estriol in amniotic fluid increased more strongly, namely from 27.51 ng./ml. in the gestational weeks 15- ,82 ng/ml entre les 37 e et 40e semaines de grossesse, c'est-ä-dire a une valeur 6,4 fois superieure a celle observee initialement. L'on observe par contre une augmentation nettement plus importante des concentrations moyennes de l'oestriol total du liquide amniotique, soit de 27,51 ng/ml entre les 15e et 18e semaines de grossesse a 777.15 ng/jnl entre les 37 e et 40 e semaines de grossesse, c'est-a-dire une multiplication par 28,3 de la valeur relevee en debut de grossesse. La fraction de l'oestriol libre par rapport a l'oestriol total diminue significativement au cours de la grossesse, d'un rapport de 4,43% entre les 15e et 18e semaines de grossesse a un rapport de 1,01% entre les 37 e et 40e semaines de grossesse. Les raisons probables de ce phenomene spnt l'augmentation du taux de conjugaison de l'oestriol emis dans l'urine foetale au für et a mesure de la maturation foetale ainsi que la relative diminution du passage d'oestriol libre du plasma maternel au liquide amniotique avec l'avancement de la grossesse.
